There is ongoing search for new noninvasive biomarkers to improve management of patients with hepatocellular carcinoma (HCC). Studies, mostly from the Asian-Pacific region, demonstrated differential expression of liverspecific microRNA-122 (miR-122) in tissue as well as in sera of patients with hepatitis B virus-and hepatitis C virus-induced HCC.
INTRODUCTION
Hepatocellular carcinoma (HCC) is among the most common cancers with high mortality risk. The incidence is rising because of an increasing prevalence of chronic liver injury related to dietary and environmental factors [1, 2] . Majority of HCC is developed in patients with liver cirrhosis. Prognosis of patients with HCC is strongly dependent on liver function as well as related complications of liver disease. Several different scores have been developed to estimate prognosis of HCC patients [e.g., Barcelona Clinic Liver Cancer (BCLC) staging system [3] , Okuda staging system [4] , CLIP score [5] ]. Most widely used is the BCLC staging system [3] , which estimates prognosis based on morphology of the tumor and the clinical presentation (liver function, portal vein thrombosis among others) without taking molecular biology into account. The BCLC staging system has been validated in multiple studies, but has limitations in the prognostic assessment of patients with intermediate or advanced HCC stages [6, 7] .
There is a need for biomarkers to optimize the prognostic assessment in HCC patients which would contribute to personalized management. So far, the only biomarker of HCC with world-wide clinical application is alpha-fetoprotein (AFP). AFP is broadly implemented for surveillance of patients at high-risk for developing HCC. Clear recommendations to applicability of AFP for prognostic assessment are still lacking [8] . Different molecules such as AFP, des-γ-carboxyprothrombin, Lens culinaris agglutinin-reactive AFP, Insulin-like growth factor-1, vascular endothelial growth factor, and Angiopoetin 2 were also evaluated regarding their prognostic value but have not made it into routine clinical management as individual parameters [9] , although have been included into prognostic staging systems (e.g., CLIP score [5] , ALBI grade [10] , BALAD-2 [11] ).
MicroRNAs (miRNA) are still a relatively new class of molecules that show exceptional stability against degradation [12] . Alterations in miRNA expression pattern in liver tissue have been shown in various liver diseases and HCC [13] [14] [15] . Equally, variation of miRNA in serum and plasma were shown in different liver diseases [16] [17] [18] . MiR-122 is a liver-specific miRNA and with an average expression of 52% it is the most common miRNA in human liver tissue [19, 20] . MiR-122 has been shown to play a crucial role in hepatitis C virus infection [21] . Chronic inflammation, for instance chronic hepatitis B virus, alcohol damage or non-alcoholic steatohepatitis, is associated with reduced miR-122 expression in hepatocytes [13, 22, 23] . Several studies suggested that the deregulation of miR-122 is associated with an aggressive type of HCC [24] [25] [26] . Overall, a reduced level of tissue miR-122 was shown in HCC compared to non-tumorous tissue [27] [28] [29] . However, opposite miR-122 behavior was described in plasma or sera of HCC patients compared to healthy people [17, 30, 31] .
Several attempts to integrate miR-122 into various algorithms for HCC diagnosis have been made based on tissue [14, 15, 32] or blood analyses [16, 17, 30] . But it is clear that miRNA biogenesis follows its own cascade and it is crucial to characterize and identify potential influencing factors in order to implement miR-122 in clinical settings. Furthermore, systematic review of the literature revealed that there is a high heterogeneity of miRNA-biomarker studies related to technical, methodological aspects and quality reporting, which may affect the applicability and reproducibility of generated data [33] .
Aim of our study was to evaluate the prognostic value of serum miR-122 in patients with HCC in a European cohort. In addition, we aimed to identify potential liver disease-, tumor-related or other factors that may influence circulating miR-122 level in HCC patients.
MATERIALS AND METHODS

Study design
We analyzed miRNA level in retrospectively collected serum samples (January 2009-April 2011, n = 91) from well characterized patients with histologically or clinically confirmed HCC. The study was performed according to the World Medical Association "Declaration of Helsinki -Ethical Principles for medical research involving human subjects" and approved by the local Institutional Review Board of Otto-von-Guericke University Magdeburg (Number: 99/10). All patients provided written informed consent prior inclusion in the primary study.
Description of the patients
Patient characteristics are presented in Table 1 . In comparison to existing data, this cohort consisted of HCC patients with mostly alcohol-related liver damage (45.1%). After blood sampling, all patients were characterized with respect to clinical and laboratory parameters and Child-Pugh score and the BCLC stage were documented. We used survival data to evaluate the prognosis of HCC patients. The overall survival time was defined as the time between inclusion into our study (blood withdrawal) and death or the last documented contact to the patient.
Extraction of total RNA
After centrifugation and taking the supernatant serum samples were stored by 80°C. Extraction of total RNA (including miRNA) was performed using miRNeasy Mini Kit (QIAGEN, Hilden, Germany) as previously described [34] . One hundred microliter of serum were added to 700 µL QIAzol Lysis Reagent and were homogenized in vortex mixer. Five μL of a 5 nmol/L cel-miR-39 (miR-39) were added for internal normalization. Following precipitation and washing steps, RNA was finally eluted in 30 µL RNase free water. UV-Spectrophotometry was used for analysis of RNA quality.
Reverse transcription and polymerase chain reaction
Reverse transcription was performed using TaqMan ® MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, United States). Quantitative real time PCR (qPCR) (TaqMan ® Universal Master Mix II, no UNG, Applied Biosystems, Foster City, CA, United States) was performed for miR-122 (Assay ID: 002245) and cel-miR-39 (Assay ID: 000200) according to the manufacturer's instructions. The analyses were performed on the BioRad CFX Cycler System (BioRad, Hercules, CA, United States). Cel-miR-39 was used for normalization of miR-122 with method. All analysis were performed in duplicates and samples with known quantity were used for interplate normalization. 
Statistical methods
GraphPad Prism ® Version 6.0 (GraphPad Software, San Diego, CA, United States) was used for statistical analysis. Two-sided P value ≤ 0.05 was considered as significant. Based on the data distribution, we used nonparametric tests (Spearman correlation, Mann-Whitney test, Kruskal-Wallis test, Post-hoc Dunn's test). The data are shown as boxplots with whiskers for the minimum and maximum, a lower and upper quartile and the median. Overall survival was analyzed using Kaplan-Meier survival curves and comparison was performed using nonparametric log-rank test.
RESULTS
Serum miR-122 is independent of Child-Pugh score, etiology and BCLC stage
Liver function, etiology of liver disease and accordingly tumor stage may be important factors that could impact miR-122 quantity in serum. Analysis of sera samples from patients with different Child-Pugh scores revealed no significant differences of miR-122 between different stages (P = 0.3060) ( Figure 1A ). In similar manner, we observed no significant differences of the serum miR-122 level with regard to BCLC staging system (P = 0.5289) or underlying etiology of liver disease (P = 0.2456) ( Figure 1B and C).
Correlation between serum miR-122 and AFP, hepatocellular damage, renal function and hemoglobin level
To estimate possible influencing factors that may impact miR-122 concentration in sera, we analyzed various laboratory parameters in correlation to miR-122. Our analysis revealed positive association between miR-122 and alanine aminotransferase (ALAT) (r = 0.4731, P < 0.0001) and aspartate aminotransferase (ASAT) (r = 0.3937, P = 0.0001). In both cases miR-122 level was higher in the group with pathologically elevated transaminases (ALAT: P = 0.0050, ASAT: P = 0.0214) (Figure 2A and B). Next, in patients with HCC elevated AFP was associated with elevated miR-122 concentration (r = 0.3043, P = 0.0034). After subdividing patients into a group with normal (< 7 ng/mL), with slightly increased (7 ng/mL ≤ AFP ≤ 400 ng/mL) and with strongly increased AFP (> 400 ng/mL), we observed significant differences between the group with normal AFP compared to both groups with increased AFP values (P = 0.0071 and P = 0.0144), while no difference was observed between both AFP-elevated groups ( Figure 2C ). Impairment of the renal function is a frequent consequence of the chronic advanced liver disease. Negative association was observed between miR-122 and creatinine levels (r = 0.3100, P =0.0028), where patients with pathological creatinine value had lower miR-122 levels (P = 0.0027) ( Figure 2D ). Also, an anemia is a common event in patients with cancer. Despite positive association between miR-122 and hemoglobin levels (r = 0.2783, P = 0.0076), there was only a non-significant trend for lower miR-122 in patients with anemia compared to subjects with normal hemoglobin values (P = 0.0618) ( Figure 2E ). Supplemental Tables 1 and 2 show analysis of additional parameters that did not show significant differences.
Survival analysis and prognostic value of serum miR-122
First, to confirm the suitability of survival data in our cohort, we evaluated the impact of known prognostic parameters on survival of HCC patients. As expected, higher AFP level (P = 0.0038), higher Child-Pugh score (P = 0.0129) and higher BCLC stage (P = 0.0001) were all associated with worse overall survival of patients with HCC ( Figure  3) . To evaluate the prognostic potential of miR-122 in sera, we subdivided our study cohort into three groups by taking the 25 th and the 75 th percentile which would allow better subdivision. As shown in Figure 3 , only a non-significant trend was observed between the groups (P = 0.1019). Based on this observation, we hypothesized that low miR-122, but not intermediate or high, may be of the greatest prognostic value, and therefore, we used 25 th percentile as cut-off value for the subsequent analysis. By applying this subgrouping of patients the statistical trend was improved but with P = 0.0610 remain non-significant suggesting that additional factors may influence the performance of miR-122 as prognostic biomarkers ( Figure 4A ). To address this issue, we performed subgroup analyses based on the Child-Pugh score, BCLC staging and AFP. Interestingly, low miR-122 level was associated with better overall survival in patients with advanced cirrhosis (Child-Pugh B/C) (P = 0.0129) ( Figure 4B ). In similar fashion, low miR-122 level in patients with BCLC B-D was also associated with better overall survival (P = 0.0157) ( Figure 4C ). In subgroup of patients with normal AFP, low miR-122 level was also associated with better prognosis (P = 0.0353) ( Figure 4D ). The results of the subgroup analysis support the potential of miR-122 as potential prognostic biomarker, however, critical attention and consideration of confounding factors need to be considered.
DISCUSSION
Deregulation of miR-122 has been reported in several studies for patients with HCC; however, translational and clinicopathological value of serum miR-122 in real-life setting is still unknown. In this study, we systematically characterized the prognostic value of serum miR-122 in HCC patients in a European cohort. Although, we observed only a trend for a better prognosis in patients with low miR-122 level in total cohort, we identified several valuable tumor-and liver disease-related factors that may influence miR-122 biogenesis or its biomarker performance. In particular, our data demonstrate strong positive correlation between miR-122 level and biomarkers of liver injury (transaminases ALAT and ASAT, but not liver function), AFP and hemoglobin and negative correlation with renal function. An association between miR-122 and unspecific liver injury has been previously suggested but exact mechanism remains poorly understood [18, 35, 36] . A release of miR-122 during hepatocellular damage into blood because of the extraordinary high expression in liver tissue may be the best possible explanation [19, 20] . Our results support the assumption showing positive correlation between miR-122 levels and elevated transaminases and potential value of miR-122 as biomarker of hepatocellular damage is also supported by others [35, 36] . From another point of view, two previous publications suggested miR-122 as a biomarker of residual liver function in patients with cirrhosis and HCC [37, 38] even though we observed no correlation to liver function.
AFP is among the most recognized diagnostic and prognostic biomarkers for HCC [9] . The potential link between AFP and miR-122 has been suggested in a mouse model [23] . Our data also strongly support this positive interaction between serum miR-122 and serum AFP levels. Since negative correlation between AFP and miR-122 has been described in HCC tissue [26] , we conclude that the link between AFP and circulating miR-122 may be rather indirect and reflect general liver injury and not HCC-specific alterations.
Among various studied influential factors, kidney function may deserve a key attention potentially affecting miRNA biogenesis. Negative association between total small RNA level and creatinine has been previously described in patients with severe kidney injury [39] . Here we showed that HCC patients with renal impairment have significant lower miR-122 values in serum. Similar result has been shown for patients with liver cirrhosis [38] and in a cohort of critically ill patients [35] . From one side, alterations in liver and renal function may lead to relative dilution of miR-122. From another side, either excretion of miRNAs or stability and degradation of miRNAs in exosomes or protein-bond miRNAs may be affected. In similar fashion, we showed that miR-122 correlates positively with hemoglobin. It is important to mention that secretion of miR-122 has been recently linked to development of inflammationinduced anemia [40] . Simply, isotonic hyperhydration, frequently observed in liver cirrhosis patients, could be another possible explanation for our result.
Having shown the impact of various factors on miR-122 in serum one may question the validity of miR-122 for prognostic assessment. Our data do not support the use of miR-122 as general biomarker for HCC prognosis. However, the subgroup analyses still highlight the potential value in predefined groups, but the knowledge of confounding factors and understanding of related mechanism is crucial. This may explain why several studies have reported the prognostic role of serum miR-122 in HCC patients with contrary results [37, 41] . Supporting our results, Liu et al [41] showed that low miR-122 was associated with better prognosis in a cohort with large portion of HCC patients with BCLC B and BCLC C stage. There is an increasing evidence for the decoupling of miR-122 in tissue and blood [23, 35] . Reduced miR-122 expression is described for HCC tissue in human samples [20, 27, 29] . Higher miR-122 blood values are measured in patients with hepatitis or HCC compared to healthy people [30, 31, 36] . Following these results, miR-122 level in serum does not allow any statement related to miR-122 expression in liver tissue, where lower expression is associated with worse prognosis [24, 42] . Interestingly, preoperative and postoperative miR-122 revealed significant reduction of miR-122 in patients with HCC [31] . This may be related to the reduced liver volume, although the HCC may still be a potential source of circulating miRNAs.
With an increasing number of studies related to miRNAs as biomarkers, our work highlight additional aspects to be considered in the future. There are strong patientindependent factors that may impact comparability between studies [33] . Some of those factors may be related to miRNA extraction and qPCR methods. Also, appropriate normalization is still a great limitation in miRNA-based research. In particular, miR-16 has been used in various studies [31, 37, 43, 44] , but it is prone to strong bias in HCC [45] and from our point of view it needs to be abandoned. Nevertheless, our work has several limitations to be mentioned as well. The number of samples may be still too low and larger studies with prospective study design would be needed. Even though our data are close to the real-life setting, the role of miR-122 in HCC patients' needs to be evaluated in larger cohort of patients with at different diseases stages if possible in prospective manner.
In summary, out data support the unique biomarker value of miR-122 in liverrelated diseases and specifically in HCC. Although low miR-122 was associated only with a trend for better prognosis in total cohort of patients with HCC, the prognostic output could be improved by consideration of various factors in subgroup analyses. This work clearly emphasizes the need for accurate assessment of potential systemic cofactors in miRNA-based biomarker research. Serum miR-122 level may be strongly affected by various patient-related conditions including AFP level, liver injury, renal function and anemia. Therefore, future studies with careful and systematic characterization of those potential cofactors are urgently needed.
ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is among the deadliest conditions worldwide. One of the challenges related to HCC is the identification of specific and sensitive diagnostic and prognostic biomarkers. MicroRNAs have been shown to be deregulate in HCC and microRNA-122 (miR-122) is among the most promising liver-specific molecules.
Research motivation
miR-122 has been studied in Asian-Pacific regions but only limited knowledge is available from European population. At present the role of miR-122 as prognostic is not independently validated. Most importantly, it is still less known about potential factors that may influence miR-122 level in blood samples.
Research objectives
Circulating miR-122 may be influenced by impaired renal function, alpha-fetoprotein (AFP) and hemoglobin concentration. Those factors may strongly influence the performance of miR-122 a potential biomarker in HCC.
Research methods
A cohort of well characterized patients with HCC were included in this study. Quantitative TaqMan assay was used to analyze miR-122 in serum and the results were normalized to spikedin cel-miR-39. The data were stratified based on individual characteristics including liver disease, liver biochemistry, tumor staging and overall survival.
Research results
Overall miR-122 was shown to be independent to Child-Pugh score, Barcelona clinic liver cancer tumor staging classification or etiology of liver disease. Among the studied factors, we identified alanine aminotransferase, aspartate aminotransferase, AFP and renal function (creatinine) as factors that may influence miR-122 level in serum. According to our results, low miR-122 may be associated with lower overall survival, however, only if certain conditions including cirrhosis score, tumor stage or APF are considered.
Research conclusions
The results from this study strongly suggest that renal function and liver inflammation may impact microRNA biomarkers. In particular, a liver-specific miR-122 may be strongly influenced by intrahepatic inflammation which may create potential bias. Our results support the use of miR-122 as a marker for liver inflammation. The value of miR-122 in prediction of overall survival is, however, limited due to the co-existing factors. Further studies will need to determine the mechanism responsible for the influence, but also find a way of controlling the influencing factors in biomarker studies.
Research perspectives
This study clearly highlights the need for better understanding of microRNAs biogenesis in circulation. Since large number of studies focus on microRNAs as potential biomarkers, we urge for better characterization of co-existing factors to identify potential individual influencing factors. Future studies related to miR-122 need to consider also renal function and liver biochemistry.
